The aim of this study was to determine total phenolic and total flavonoid contents, antioxidant and anticholinesterase activities of the hexane, acetone and ethanol extracts prepared from mantle, rosemary, thistle, mallow and nettle commonly consumed for medicinal and nutraceutical purposes in Turkey and all around the world. DPPH free radical, ABTS cation radical and superoxide anion radical scavenging assays, and Ellman method were used to establish the antioxidant and anticholinesterase potential of the extracts, respectively. Total phenolic and total flavonoid contents of the mantle ethanol extract were found to be the richest extract among the others. Mantle ethanol and thistle hexane extracts in DPPH free radical scavenging method (88.03% and 88.07%, respectively), and acetone and ethanol extracts of mantle and rosemary in ABTS cation radical scavenging assay showed the highest inhibition (88.60% and 89.73%, respectively) at 100 μg/mL concentration. None of the extracts exhibited superoxide anion radical scavenging activity. Nettle ethanol extract indicated higher butyrylcholinesterase inhibitory activity (92.68%) than galanthamine, mallow acetone extract as galanthamine, mantle hexane, mallow hexane and ethanol, and nettle acetone extracts almost as galanthamine. To our knowledge, ABTS cation radical and superoxide anion radical scavenging activities, and anticholinesterase potential of the extracts prepared from mantle leaves and flowers, anticholinesterase effect of thistle seeds extracts, ABTS cation radical scavenging activity and butyrylcholinesterase inhibitory activity of the extracts prepared from mallow leaves and flowers were investigated for the first time in this study.
Introduction
Reactive oxygen species (ROS) are intermediates of the respiration process, which in excess can damage proteins, lipids, and DNA. The harmful effects of ROS cause oxidative stress. Oxidative stress is generated when the reduction of ROS is not balanced by the antioxidative defense mechanisms such as radical scavenging enzymes and cellular antioxidants. Oxidative stress has been considered as the cause of aging and some serious health problems like diabetes mellitus, cataracts, cancer, neurodegenerative, and cardiovascular diseases. Therefore, it has gained attention to find ways accomplishing the prevention of excess ROS generation for a healthy biological system (Dudonné et al., 2009; Boğa et al., 2011) . A diet including fruits and vegetables has been suggested for protection against oxidative stress sourced diseases. Dietary antioxidants have positive effects on cellular defences and oxidative stress to cellular component by scavenging free radicals and possibly reducing oxidized fatty acids or mutagens (Reische et al., 2002; Wong et al., 2006) .
Antioxidants are also utilized in food industry to extend the shelf life and prevent degradation. Generally synthetic antioxidants such as butylated hydroxyanisole (BHA) and butylated hyrdroxytoluene (BHT) are used for this purpose. On the other hand, it has been revealed that synthetic antioxidants and their by-products might cause some health issues (Boğa et al., 2016) . Therefore, searching for antioxidants from natural sources has become an important study field, including identification of new active compounds. In addition, these naturally occurring antioxidants can be formulated as nutraceuticals (Dudonné et al., 2009 ).
Antioxidants in plants, such as vitamins (e.g., ascorbic acid, α-tocopherol), minerals (e.g., selenium, zinc) and organic compounds (e.g., phenols, terpenes, organosulfurs), not only neutralize ROS by giving up electrons, but also have roles in other biological mechanisms. Galanthamine, which is isolated from daffodils, is an acetylcholinesterase (AChE) inhibitor and currently used to control Alzheimer's disease (AD) (Hartman, 2009) . AD is a neurodegenerative disease which especially affects the elderly population. Fifty percent to 60% of dementia cases in people over 65 years is caused by AD. Although the main reason of AD is not still elucidated completely, it is associated with a loss of the presynaptic markers of the cholinergic system in memory and learning areas of the brain. AD is characterized by the presence of amyloid deposits and neurofibrillary tangles in the brain (Piazzi et al., 2008) . Generally two approaches are followed in the treatment of AD to enhance the cholinergic system as stimulation of the cholinergic receptors and inhibition of acetylcholine hydrolysis by AChE (Howes et al., 2003) .
Medicinal plants have been used for treatment of various diseases since ancient times. Biologically active compounds isolated from these plants are still important sources for modern drug formulations and nutraceuticals (Samuelsson, 1999; Nasri et al., 2014) . Natural products are known to have fewer or no side effects compared to synthetics which makes them more preferable (Ertaş et al., 2014) . Mantle (Aphanes arvensis L.), rosemary (Rosmarinus officinalis L.), thistle (Silybum marianum L.), mallow (Malva sylvestris L.), and nettle (Urtica dioica L.) are medicinal plants used in Turkey and all around the world. All of them have been used for digestive system diseases as traditional medicines (Baytop, 1984) . In this study, antioxidant and anticholinesterase activities of the hexane, acetone and ethanol extracts of these plants were determined with their total phenolic and flavonoid contents. DPPH free radical, ABTS cation radical and superoxide anion radical scavenging assays were applied for the evaluation of the antioxidant effects, whereas the anticholinesterase activities were determined by the Ellman method.
Materials and Methods

Chemicals
Quercetin, pyrocatechol, 1,1-diphenyl-2-picrylhydrazyl (DPPH), BHA, potassium iodide (KI), 5,5-dithiobis(2-nitro benzoic acid) (DTNB), nicotineamide adenine dinucleotide (NADH), phenazine methosulfate (PMS), nitroblue tetrazolium (NBT), α-tocopherol (α-Toc), gallic acid, potassium peroxydisulfate (K 2 S 2 O 8 ), 2,2-azinobis (3-ethylbenzothiazoline-6-sulfonic acid) (ABTS) were purchased from Sigma (USA). Hexane, acetone, aluminum nitrate (Al(NO 3 ) 3 .9H 2 O), potassium acetate (CH 3 COOK) were from Merck (Germany). Sodium hydrogen phosphate (Na 2 HPO 4 .2H 2 O), sodium dihydrogen phosphate (NaH 2 PO 4 .2H 2 O), galanthamine hydrobromide, (+)-catechin (Cat), AChE (498,3498 U) and butyrylcholinesterase (BChE) (11,4 U) were purchased from Sigma-Aldrich (USA). Acetylcholine iodide (AcI) and Folin-Ciocalteu reagent (FCR) were from Applichem (Germany). Butyrylcholine iodide (BuI) was from Fluka (Switzerland). Sodium carbonate (Na 2 CO 3 ) was from Riedel-de-Haën (Germany).
Instrumentation
Spectrophotometric analyses were performed by a Power Wave XS microplate spectrophotometer (BioTek, USA).
Plant Material
Mantle (leaves and flowers), rosemary (leaves), thistle (seeds), mallow (leaves and flowers) and nettle (leaves) samples were purchased from local market in Istanbul in February, 2014.
Plant Extracts
Plant materials were pulverized. Five grams of the grounded plant material was macerated triplicate with hexane, acetone and ethanol for one hour. The solvent was evaporated under reduced pressure. Classification of the extracts, and the extraction yields were given in Table 1 .
Total Phenolic and Total Flavonoid Contents
The calibration curve was prepared with standard pyrocatechol solutions in the concentration range of 0.5-4.0 μg/mL. The sample solutions were prepared at a concentration of 1000 mg/L with ethanol. A volume of 4.0 μL of the sample solution was mixed with 180 μL of distilled water, 4.0 μL FCR and 12.0 μL of 2% Na 2 CO 3 solution. The mixture was kept at ambient temperature for 2 hours. The absorbance of the sample was measured at 760 nm and the total phenolic content results were expressed as pyrocatechol equivalents (PE) (Slinkard and Singleton, 1977) .
The calibration curve of quercetin was prepared in the concentration range of 5-40 μg/mL for the determination of total flavonoid content. A volume of 20 μL of sample solution was mixed with 172 μL of 80% ethanol and 4 μL of 1.0 mol/L CH 3 COOK solution. After 1 minute, 4 μL of 10% Al(NO 3 ) 3 solution was added to the mixture. The absorbance was measured at 415 nm after 40 minutes. The total flavonoid contents were expressed as quercetin equivalents (QE) (Park et al. 1997) .
Total phenolic and total flavonoid contents were calculated according to the following equations, respectively: 
DPPH Free Radical Scavenging Assay
Four milligrams of DPPH was dissolved in 100 mL of ethanol and the solution was mixed for half an hour in the dark to prepare the DPPH radical solution. Different volumes of sample solution (2, 5, 10, 20 μL) taken from stock solution (1000 mg/L) were completed to 40 μL with distilled water and mixed with 160 μL of DPPH radical solution. The absorbance was measured at 517 nm after 30 min of incubation at ambient temperature. BHA and α-Toc were used as the standards. The results were expressed as inhibition % (Blois, 1958) . , 1972) .
Anticholinesterase Assay
The anticholinesterase activities of the samples were determined by the Ellman method as their AChE and BChE inhibition potentials. The sample solutions (4000 mg/L) were prepared in ethanol. Volumes of 130 mL of 100 mmol/L phosphate buffer (pH 8.0), 10 μL of sample solution and 20 μL of AChE (or BChE) solution were mixed and incubated for 15 min at 25°C. Aliquot of 20 μL of DTNB solution (prepared by 2.0 mL of pH 7.0 and 4.0 mL of pH 8.0 phosphate buffer, 1.0 mL of 16 mg/mL DTNB solution and 7.5 mg/mL NaHCO 3 in pH 7.0 phosphate buffer) was added. The reaction was initiated by the addition of 20 μL AcI (or BuI). The hydrolysis of these substrates was monitored at 412 nm (Ellman et al., 1961) . Galanthamine was used as the standard. The results were given in inhibition %.
Statistical Analysis
All of the analyses were performed in triplicate measurements and given as the mean ± standard deviation (SD). Data were analyzed using Microsoft Excel 2016.
Results and Discussion
Total Phenolic and Total Flavonoid Contents
Total phenolic and total flavonoid contents of the hexane, acetone and ethanol extracts of five medicinal plants were calculated as pyrocatechol and quercetin equivalents, respectively (Table 2 ). It was determined that MNE had the highest phenolic and flavonoid contents. In addition, MNA, MA and NE were found to be particularly rich in flavonoids. 
Antioxidant Activity Assays
Antioxidants react with radicals by mechanisms as hydrogen atom transfer (HAT), single electron transfer (SET), or both, mainly. In HAT mechanisms, the free radical removes one hydrogen atom of antioxidant, and the antioxidant itself becomes a radical. In SET mechanisms, the antioxidant provides an electron to the free radical and then itself becomes a radical cation (Liang and Kitts, 2014) . ABTS cation radical scavenging is a mixed-mode assay since ABTS can be neutralized by both SET and HAT. DPPH free radical scavenging assay depends on SET mechanism (Craft et al., 2012) .
In the present study antioxidant capacities of the hexane, acetone and ethanol extracts of the selected medicinal plants were investigated. The radical scavenging potentials were determined by DPPH free radical, ABTS cation radical and superoxide anion radical scavenging assays. To the best of our knowledge, ABTS cation radical and superoxide anion radical scavenging activity and anticholinesterase potential of the mantle leaves and flowers extracts, anticholinesterase activity of thistle seeds extracts, ABTS cation radical scavenging activity and BChE inhibitory activity of the extracts prepared from mallow leaves and flowers were investigated for the first time.
DPPH free radical scavenging assay is based on a color change, (the purple color of unstable DPPH to the yellow color of stable DPPH-H) by capturing hydrogen. The scavenging effects of the extracts were investigated at four different concentrations (10, 25, 50, 100 μg/mL) (Figure 1) . The results were compared with BHA and α-Toc which were used as the standard antioxidants. At 50 and 100 μg/mL concentrations, MNE, TH and TA had higher DPPH free radical scavenging activity (> 80% inhibition) than the other extracts, which were similar to inhibition % of BHA and α-Toc. MH and NA showed almost the same effect with the standards at 100 µg/mL.
ABTS cation radical assay is based on the reduction of ABTS cation radical by antioxidants of the extracts. The ABTS cation radical scavenging activity of the extracts were determined at 10, 25, 50, 100 μg/mL (Figure 2 ). MNE exhibited higher scavenging effect than the other extracts at 10, 25, 50 μg/mL concentrations. MNA, MNE, RA and RE had approximately the same ABTS cation radical scavenging potential (~ 90% inhibition) with BHA and Cat which were the standard compounds at 100 μg/mL concentration. While RH showed 85% inhibition at the same concentration, other extracts indicated below 80% inhibition.
The superoxide anion radical scavenging activity of the extracts were investigated at four different concentrations (10, 25, 50, 100 μg/mL). Gallic acid was used as the standard compound. None of the tested extracts showed superoxide anion radical scavenging activity. Gülçin et al. also revealed that water extract of nettle had no superoxide anion radical scavenging effect (Gülçin et al., 2004) .
MNE was determined as a potent antioxidant source, since it showed high radical scavenging effect similar to the standard antioxidant compounds in both DPPH and ABTS assays with highest total phenolic and total flavonoid contents. Hamad et al. investigated the DPPH free radical scavenging activity of methanol extract of mantle leaves and obtained similar potentials with those of trolox and vitamin C (Hamad et al., 2010) . MNA, RA and RE had particular ABTS cation radical scavenging activity. In another study, ethanol extract of rosemary tea indicated relatively high antioxidant potential in both DPPH and ABTS assays (Oh et al., 2012) . Benso et al. investigated the DPPH free and ABTS cation radical scavenging effects of mallow leaves extracts (aqueous, ethanol, ethyl acetate, chloroform and hexane) in terms of IC 50 and trolox equivalent, respectively (Benso et al., 2016) . Distinctly, antioxidant effect of ethanol, acetone and hexane extracts of mallow leaves and flowers together were determined as inhibition % in the present study.
Anticholinesterase Assay
The anticholinesterase activity of the hexane, acetone and ethanol extracts were determined by Ellman method at 200 μg/mL concentration. This method depends on the absorbance measurement of the yellow color occuring as a result of the thio anion produced by the enzymatic hydrolysis of the substrate (AcI or BuI) reacting with DTNB (Ellman et al., 1961) . The results were compared with the standard drug, galanthamine. None of the extracts had high AChE inhibition effect. Orhan et al. also reported that petroleum ether, chloroform, ethyl acetate and methanol extracts of rosemary had no AChE inhibition effect (Orhan et al., 2008) . In addition, researchers found out that methanol extract of mallow flowers and ethanol extract of the aerial parts of mallow were inactive in AChE inhibition assay (Gholamhoseinian et al., 2009; Ferreria et al., 2006) . On the other hand, mallow was found to be an important BChE inhibitor since all of the mallow extracts had similar activities with galanthamine. Moreover, NE showed higher BChE inhibition than galanthamine (Table 3) . 
Conclusion
Antioxidants and their protective effects against many diseases have been examined in several studies. In the present work, five plants, which have been used as traditional medicines for digestion system problems and nutraceuticals, were investigated in terms of total phenolic and total flavonoid contents, antioxidant capacities and anticholinesterase potentials. Their antioxidant activities could be related with their positive effects in the treatment of digestion system diseases, which may be enlightened by further pharmacological studies. Also phytochemical studies may be performed to isolate active compounds from the extracts exhibiting high antioxidant and anticholinesterase potentials.
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